To explore associations between level of adverse childhood experiences (ACEs) and unmet healthcare needs among children with autism spectrum disorder (ASD) using a population-based sample.
Fewer studies have focused on the role of family stressors, including adverse childhood experiences (ACEs), in the unmet healthcare needs of children with ASD. 17, 18 A robust body of research has linked ACEs, or stressful or traumatic experiences (Appendix 1; available at www.jpeds.com), to negative health outcomes in adulthood (eg, premature mortality, health risk behaviors). [19] [20] [21] [22] [23] Recent studies suggest that family adversities may overwhelm parents' capacity to meet children's healthcare needs. 17, 18, [21] [22] [23] Discrete adversities, such as poor parental health, residential instability, and economic hardship are linked to gaps in insurance enrollment and lower use of preventative healthcare for children. 17, 18, [21] [22] [23] Although families of children with ASD experience disparities in adversity, 24, 25 few studies have examined the relationship of exposure to ACEs to unmet healthcare needs. One study that used a nationally representative sample documented a significant delay in timing of diagnosis and a 27% increase in median age of service entry among children with ASD who experienced 3+ ACEs. 17 This study, however, was limited to timing of diagnosis and therapy services and did not examine other indicators of unmet healthcare needs among children with ASD, including dental, vision, and mental healthcare. 26 More information is needed to examine whether and to what extent exposure to ACEs contributes to extant disparities in healthcare access/use impacting US children with ASD.
Methods
Using a population-based sample, we sought to (1) describe the population characteristics of families of children with ASD with different levels of unmet healthcare needs (medical, dental, vision, mental, other) and (2) explore how level of ACEs was associated with presence and number of children's unmet healthcare needs. This study used data from the 2011-2012 National Survey of Children's Health (NSCH), sponsored by the US Maternal and Child Health Bureau of the Health Resources and Services Administration, similar to the methods described in another publication by the authors. 17, 27, 28 The NSCH uses a complex survey design stratified by state and sample type (landline and cell phone samples) to collect data on a broad range of variables related to the health and wellbeing of US children aged 0-17 years. 27, 28 Parent report data were collected on a total of 95 677 children; survey completion rates were 41.2% and 54.1% for the cell phone and landline samples, respectively. 27, 28 Survey data were reweighted to permit generalization to the US population of children, birth to 17 years. 27, 28 Variables Autism Spectrum Disorder. We limited our sample to caregivers of children aged 2-17 years because ASD is not typically diagnosed in children younger than age 2 years. 17, 29 Children were included in our study if the caregiver endorsed both of the following: (1) was ever informed by a doctor or other healthcare professional that their child had ASD and (2) the child currently had ASD. 17 Based on these criteria, 1624 children with ASD (reweighting procedures indicated estimated population = 1 174 871 US children with ASD) were selected for analysis. 17 Severity of child ASD was based on caregiver appraisal of children's symptoms as either severe, moderate, or mild. 17 Based on the distribution of responses, children with ASD were categorized into 2 groups: mild (N = 844) or moderate/severe ASD (N = 780).
17
Adverse Childhood Experiences. In 2011-2012, the NSCH incorporated a modified version of the Adverse Childhood Experiences Scale (Adverse Family Experiences questionnaire), which was based on the Behavioral Risk Factor Surveillance System Survey and validated by a technical report panel. 27, 28 Since its introduction, the Adverse Family Experiences questionnaire has been used in multiple, peer-review studies in which clinically meaningful associations between cumulative ACE scores and child health outcomes were demonstrated. 17, 19, 20 The Adverse Family Experiences questionnaire consists of 9 questions about children's exposure to the following: neighborhood violence, racial/ethnic discrimination, income hardship, parental divorce, incarceration, death, domestic violence, substance abuse, and mental illness (Appendix 1). 27, 28 Caregiver responses (yes/no) to each of the 9 items were recoded (0, 1) and summed to create cumulative ACE scores (0-9). 17 Children were grouped into (0): no reported ACEs, (1): 1-2 ACEs, and (2): 3+ reported ACEs based on the unequal distribution of responses. 17 This categorization has been used in previous ACEs studies and aligns with research on the cumulative impact of ACEs on outcomes. 27 Caregiver response options included the following: medical (yes = 1, 0 = no), dental (1 = yes, 0 = no) vision (1 = yes, 0 = no) mental healthcare (1 = yes, 0 = no), and other care (1 = yes, 0 = no; other healthcare not specified in survey). The number of unmet healthcare needs (0-5) was publically available in the dataset and based on a summary of the aforementioned 5 items and hence was a "count" variable.
27
Covariates. We selected child and family demographic variables that provide a description of our population and that are empirically linked to risk of unmet healthcare needs (Appendix 2; available at www.jpeds.com). 3, 6, 8, 17, 21, [31] [32] [33] [34] [35] Additional health service variables were incorporated into the analysis, including type of primary care provider (pediatrics, general physician, psychologist, other provider, no provider), effective care coordination, and family-centered care. Effective care coordination was measured by a 7-item questionnaire that assessed the needs and satisfaction of care coordination. Sample questions read "Does anyone help you arrange or coordinate [CHILD'S NAME]'s care among the different doctors or services that [he/she] uses? " and "Overall, are you very satisfied, somewhat satisfied, somewhat dissatisfied, or very dissatisfied with the communication among [CHILD'S NAME]'s doctors and other healthcare providers?" 27 A composite score, effective care coordination (1 = met all components; 2 = at least 1 component unmet; and 3 = legitimate skip for children without needs for healthcare use last year), summarizing all the items was derived and publicly available. (1 = usually/always; 0 = sometimes/never). The composite score ranged from 0 to 5 with mean = 3.86 and SD = 1.67. A large body of research has linked the aforementioned health service characteristics, including care coordination and familycentered care, to children's healthcare use outcomes.
11,12
Statistical Analyses Statistical procedures in Stata 13 (StataCorp, Collge Station, Texas) were applied to account for complex survey design and weighting schemes. 36 First, univariate and bivariate analyses were used to obtain an overview of data regarding distributions and simple correlations among ACEs, unmet healthcare needs, and selected covariates. We used the Horvitz-Thompson method to estimate the population sizes. Second, Poisson regression was used to estimate the association between ACEs and accumulative counts of unmet healthcare needs over the past 12 months, and logistic regression was used to assess the relationship between ACEs and any unmet healthcare need. Third, a series of sensitivity analyses was performed to investigate the robustness of the study results. Because Poisson regression required an assumption that its expected value equated to its variance, we further tested the necessity of negative binomial regression that relaxed this assumption. Different linkfunctions also were tested for the binary outcome to determine whether our results held with different choices of link-functions. An additional measure for poverty (federal poverty level) was also included in the model. As these sensitivity analyses reached the same conclusion, this suggested our results may be sufficiently robust to changes in statistical decisions. The missing values for all of the selected variables were low and less than 5%. Finally, the Huber-White robust estimator was selected to calculate the SEs for statistical inference, and the Wald test was used for post-hoc comparisons. This study was exempt from human subjects review by the Temple University institutional review board.
Results
The majority of children with ASD in our study were male (82.08%), white (60.53%), and English-speaking (93.65%), with a mean age of 10.31 years ( Table I) . Almost one-half (47.89%) of the children were described as having moderate-to-severe ASD symptomatology. Reportedly 41.1% of children with ASD experienced 0 ACEs and 38.9% and 20% experienced 1-2 ACEs and 3+ ACEs, respectively. Although almost all (98.2%) children with ASD had health insurance coverage, only 31.9% were reported to receive effective care coordination. In addition, 20.2% of children with ASD had at least 1 unmet healthcare need, with mental healthcare (9.6%) being the most prevalent followed by medical (5.5%) and dental care (5%). Pediatricians (38%) were the most commonly reported type of primary care provider for children with ASD, and the average family-centered care score for the sample was 3.86.
In our bivariate regression model, report of ACEs was empirically related to number and type of unmet healthcare needs among children with ASD (Table I) . Specifically, prevalence of any unmet healthcare need was 10.1% for children with ASD without ACEs vs 25.9% and 28.2% for those who experienced 1-2 ACEs and 3+ ACEs, respectively (P < .001). The number of unmet healthcare needs also was associated with reported ACEs. Children without ACEs had a lower mean number of unmet healthcare needs (0.23) in comparison with children who experienced 1-2 ACEs (0.28) and 3 + ACEs (0.37), respectively (P < .001).
Report of ACEs also was empirically related to type of unmet healthcare needs among children with ASD. Prevalence of unmet dental (0 ACEs = 1.4% vs 1-2 ACEs = 7.8%, and 3+ ACEs = 6.4%; P < .05), vision (0 ACEs = 0.6% vs 1-2 ACEs = 0.4% and 3+ ACEs = 2.7%; P < .05), and mental healthcare needs (0 ACEs = 5.2% vs 1-2 ACEs = 10.4% and 3+ ACEs = 16.9%; P < .01) was significantly lower among children without ACEs vs those with 1 or more ACEs. Notably, level of ACEs was also significantly correlated with severity of child ASD; this finding is discussed in depth in a previous publication. 17, 24 Finally, prevalence estimates revealed that children with ACEs were less likely to receive effective care coordination and family-centered healthcare. Only 22.9% of children with ASD who reported 3+ ACEs received effective care coordination vs 27% and 41.7% of children who experienced 1-2 ACEs and 0 ACEs, respectively (P < .01). Similarly, children without ACEs were associated with greater average family-centered healthcare scores (4.22) in comparison with those who experienced 1-2 ACEs (3.51) and 3+ ACEs (3.91) (P < .01).
The results of logistic regression analysis indicated that the adjusted odds of any unmet healthcare need were 2.34 (P < .01) and 2.66 (P < .01) for children with 1-2 ACEs and 3+ ACEs, respectively, compared with children who experienced 0 ACEs. Post hoc comparison using the Wald test indicated that that there was no statistical difference between 1-2 ACEs vs 3 + ACEs in predicting the odds of unmet healthcare needs (Table II) . Other factors independently associated with odds of any unmet healthcare need included type of primary healthcare provider and receipt of effective care coordination and familycentered care. Specifically, the odds of any unmet healthcare need were 74% (P < .01) lower for children with ASD who had psychologists as primary care providers and 7.18 (P < .01) times greater for those who did not receive effective care coordination. In addition, a unit increase in the family-centered care score corresponded with a 17% decrease in the odds of any unmet healthcare need. In our Poisson model, report of ACEs was empirically related to number of unmet healthcare needs over the previous 12 months. Specifically, children with ASD who experienced 1-2 ACEs and 3+ ACEs were associated with 1.78 (P < .05) and 2.53 (P < .01) times the incidence rate of unmet healthcare needs in comparison with children without ACEs.
However, post hoc comparisons using the Wald test suggested that the difference between 1-2 ACEs vs 3+ ACEs was not significant (P > .05). Health insurance (P < .01) and psychologists as primary care providers (P < .01) also were associated with a reduction in the incidence rate of unmet healthcare needs. In addition, a 1-unit increase in the family-centered care score was associated with a 14% reduction in rate of unmet healthcare needs among children with ASD. Conversely, Estimates in brackets represent 95% CIs of mean values for continuous variables or 95% CIs of percentages for categorical variables. The P values for comparisons of continuous variables derived from overall tests across groups. In households with two caregivers, the caregiver with the lowest level of health was the basis for categorization into either "poor/fair" or "good/excellent" caregiver health.
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children with ASD who did not receive effective care coordination (≤1 component) had 5.46 (P < .01) times the rate of unmet healthcare needs in comparison with those who received effective care coordination.
Discussion
In our statistical model, ACEs emerged as one of the strongest and most consistent correlates of unmet healthcare needs impacting children with ASD. The correlation between ACEs and unmet healthcare needs remained robust despite adjusting for possible confounding variables, including race/ethnicity, health insurance coverage, and care coordination. Although we did not detect a dose-response relationship between number of ACEs and unmet healthcare needs, our results suggest that the presence of at least 1 ACE was significantly associated with gaps in healthcare access for children with ASD. These findings align with previous studies linking individual adversities and other family stressors to lower healthcare access and unmet healthcare needs among children. 17, 18, [21] [22] [23] The relatively high prevalence of ACEs reported in our study (60% of children with ASD = 1 ACE; 20% 3+ ACEs) suggests that psychosocial stressors may be an unrecognized barrier to healthcare for a significant proportion of children with ASD. As demonstrated in previous studies, experience of stressors can overwhelm families' coping skills and resources as they simultaneously negotiate a complex healthcare system and associated barriers. 18, 37 We hypothesize that families, in an attempt to cope with 1 or more stressors, may reallocate and mobilize available cognitive, emotional, and material resources. As a consequence, other needs, such as healthcare needs of their children with ASD, may be of lower priority and hence receive less attention. Although this hypothesis is based on crosssectional data, our findings, if replicated in future studies, could have substantial implications for research and practice designed to promote healthcare access for children with ASD. Our study suggests a need for healthcare access research to expand its focus beyond traditional economic and demographic factors to include psychosocial stressors, such as ACEs. Future research can generate data on evidence-based practices for implementation of ACEs screening in pediatric practice and provide guidance on tiered interventions to address family's level and type of ACEs exposure. 38 By effectively identifying and addressing ACEs early in a family's history, practitioners could potentially reduce family stress and support parents in meeting their children's healthcare needs.
Notably, our findings did not support a cumulative effects model for ACEs and children's unmet healthcare needs. This may reflect a lack of power to detect effects at greater levels of ACEs (due to the small sample size). Conversely, our findings might indicate that the effect of 1 ACE is enough to disrupt parents' abilities to access and coordinate care for their children. Therefore, with respect to healthcare access, the impact of 1 ACE may not be statistically different than the effect of multiple ACEs on parental capacity to navigate complex healthcare systems. Our outcome variable (healthcare access) is conceptually different from outcome variables used in previous ACEs studies (individual health) and may involve different factors across individual and systems levels, as described by Fairbrother et al. 18 In addition to ACEs, features of healthcare service delivery emerged as important correlates of children's' unmet healthcare needs. As expected, care coordination was associated with a significantly lower number of unmet healthcare needs. No other variable, including ACEs, reached a similar level of significance when predicting unmet needs. Compatible with previous research, this finding suggests care coordination may be a potent mechanism to reduce the unmet healthcare needs of CSHCN, including those with ASD. 19 Yet, when controlling for care coordination, children with ASD who experienced ACEs were associated with significantly greater levels of unmet need. Therefore, programs targeting children with ASD should consider both care coordination and family support initiatives to boost use of available services among stressed families of children with ASD. 18 Future studies could tease out whether and to what extent care coordination can mitigate the negative effects of family adversity on children's access and use of healthcare services. Of interest, access to a psychologist for primary care (vs a pediatrician) was associated with a significantly lower number of unmet healthcare needs over the previous year. This finding may be driven, in part, by the fact that mental health comorbidities are relatively common among children with ASD and correspondingly, mental healthcare is a frequently reported unmet care need among children with ASD. 1, 2, 4, 6, 8 This finding may support the promotion of a care model in which behavioral health is integrated within a primary care medical home and behavioral health providers work collaboratively with primary care pediatricians to facilitate access to comprehensive mental health services. 39 Our findings should be considered in light of several limitations. This study used cross-sectional survey data, which makes it challenging to infer causality. In particular, variables on timing of ACEs were not available in the dataset, so we could not determine whether ACEs occurred before or after children's healthcare needs went unmet. However, this dataset operationalized unmet healthcare needs using a limited time frame (the previous 12 months). 27 Given the abbreviated time frame for unmet needs, there is a greater probability that 1 or more ACEs occurred before or coincided with children's unmet healthcare needs, particularly among children with 3 ACEs. Future research can build on our exploratory study and tease out timing of ACEs exposure and its relationship to children's healthcare needs.
Second, the prevalence of unmet healthcare needs among children with ASD was somewhat lower (20%) than reported in previous, comparable studies (eg, 36%). 4 However, the findings of Cheak-Zamora and Farmer were based on the National Survey of CSHCN, which used a more comprehensive operationalization of unmet healthcare needs. 4 Thus, our prevalence figures for unmet healthcare needs might be lower, given the more limited operationalization of unmet healthcare needs and fewer response options available to participants in the NSCH. 4, 27, 28 Lastly, because data from the NSCH are based on self-report and is not verifiable by medical or administrative records, 24 caregiver report of ACEs and number/ type of unmet healthcare needs may be vulnerable to recall bias and underreporting.
Conclusions
Understanding the role of ACEs in healthcare use can lead to practical knowledge about risk factors in the child and community context that interrupt needed care for children with ASD. If replicated, our findings could contribute to a shift in how we understand healthcare disparities impacting children with ASD and broaden the scope of early intervention and pediatric practice to include screening for and addressing ACEs as a key complement of healthcare for vulnerable families of children with ASD. By identifying and addressing
